In this work, two newly prepared Brønsted-acidic ionic liquids, [MPyrrSO 3 H] Cl (IL 1 ) and [MMorSO 3 H]Cl (IL 2 ), were efficiently used as catalysts for the synthesis of amidoalkyl naphthols through the one-pot, three-component reaction of β-naphthol, aryl aldehydes, and acetamide under neat conditions. High activity of the catalysts, excellent yields, short reaction times, simple procedure with an easy work-up, and the absence of any volatile and hazardous organic solvents are some advantages of the present methodology. Moreover, the catalysts are simply prepared and can be recovered conveniently and reused such that considerable catalytic activity can still be achieved after the fifth run.
Introduction
A major challenge in modern chemistry is the design of highly efficient chemical reaction sequences that provide maximum structural complexity with a minimum number of synthetic steps in short reaction times (Dömling, 2006; Schreiber, 2000) . Multicomponent reactions (MCRs) have gained considerable attention as a powerful method in organic synthesis and medicinal chemistry because they involve simultaneous reaction of more than two starting materials to yield a single product through one-pot reaction (Gore & Rajput, 2013; Slobbe, Ruijter, & Orru, 2012; 
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In recent years, ionic Liquids (ILs) have attracted rising interest as eco-friendly solvents, catalysts and reagents in organic transformations due to their advantageous properties, such as non-flammability, negligible vapor pressure, high thermal and chemical stability, and ability to dissolve a wide range of materials (Chowdhury, Mohan, & Scott, 2007; Olivier-Bourbigou, Magna, & Morvan, 2010; Pârvulescu & Hardacre, 2007) . ILs are miscible with materials having very wide range of polarities and are simultaneously able to dissolve a wide range of organic, inorganic and organometallic substances. These features offer numerous opportunities for the improvement of organic reactions using ILs as solvents and catalysts. Moreover, their ionic character enhances the reaction rates to a great extent in many reactions. Among them, Brønsted acidic ILs, especially the SO 3 H-functionalized ones, have designed as environmentally friendly catalysts to replace the traditional mineral liquid acids like sulfuric acid and hydrochloric acid in chemical processes (Greaves & Drummond, 2008; Qiu et al., 2016; Shirole, Kadnor, Tambe, & Shelke, 2017; Vafaeezadeh & Alinezhad, 2016; Zolfigol, Khazaei, Moosavi-Zare, & Zare, 2010) .
Considering the unique properties of Brønsted-acidic ILs, recently, we have synthesized two sulfonic acid functionalized ILs, including 1-methyl-1-sulfonic acid pyrrolidinium chloride [MPyrrSO 3 H]Cl (IL 1 ) and 4-methyl-4-sulfonic acid morpholinium chloride [MMorSO 3 H]Cl (IL 2 ) (Figure 1 ), and successfully applied them as highly efficient catalysts in the synthesis of 1,8-dioxooctahydroxanthenes (Dehghan, Davoodnia, Bozorgmehr, & Bamoharram, 2016) . These findings encouraged us to explore other applications of these ILs in the synthesis of organic compounds. Therefore, in line with our interest on the development of convenient methods using reusable catalysts (Davoodnia, 2011; Davoodnia, Allameh, Fazli, & Tavakoli-Hoseini, 2011; Davoodnia, Basafa, & Tavakoli-Hoseini, 2016; Davoodnia, Khojastehnezhad, Bakavoli, & Tavakoli-Hoseini, 2011; Emrani, Davoodnia, & TavakoliHoseini, 2011; Khashi, Davoodnia, & Prasada Rao Lingam, 2015; Moghaddas, Davoodnia, Heravi, & Tavakoli-Hoseini, 2012; Nakhaei & Davoodnia, 2014; Taghavi-Khorasani & Davoodnia, 2015) , herein, we report the results of our investigation on the application of IL 1 and IL 2 as catalysts in the synthesis of amidoalkyl naphthols through the one-pot, three-component reaction of β-naphthol, aryl aldehydes, and acetamide under neat conditions (Scheme 1).
Results and discussion
As a preliminary, we directed our studies toward examination of the effect of various parameters like catalyst composition, effect of solvent, and influence of temperature on the reaction of β-naphthol (1) (1.0 mmol), 4-chlorobenzaldehyde (2d) (1.0 mmol), and acetamide (3) (1.0 mmol) for the synthesis of compound 4d as the model reaction in the absence or presence of IL 1 and IL 2 as catalysts. A summary of the optimization experiments is provided in Table 1 . First, to illustrate the need for catalyst in the reaction, the model reaction was studied in the absence of catalyst under solvent-free condition. The yield of the product was trace at 90°C after 60 min (Table 1, entry 1). Next, the reaction was performed in the presence of IL 1 or IL 2 in different solvents as well as under solvent-free conditions. Among the solvents tested, those being EtOH, MeOH, CH 2 Cl 2 , and MeCN, the reaction proceeded most readily to give the highest yield of the product 4d under solvent-free conditions. It was observed that the yield of the final product 4d increased with increasing amount of catalyst in the reaction mixture. The best result was obtained with 10 mol% of the catalyst under solvent-free conditions, which gave the desired product in 95 and 98% yields after 3 and 2 min at 90°C, respectively, for IL 1 and IL 2 (Table 1, entry 12). Further increase in temperature and IL 1 or IL 2 amount were found to have an inhibitory effect on formation of the product (Table 1, entries 13, 16, 17) .
With the optimized conditions in hand, β-naphthol was reacted with acetamide and a wide variety of aromatic aldehydes using IL 1 or IL 2 ( Table 2) . As it can be seen, the reaction is effective with a variety of aromatic aldehydes with electron-donating or withdrawing substituents. Although the kind of aromatic aldehyde had no significant effect on the reaction, in most cases, but not all, aromatic aldehydes substituted with electron-withdrawing group or none reacted slightly faster than those with electron-donating groups and gave the higher yields of the products. Furthermore, both catalysts were highly efficient, and gave the desired amidoalkyl naphthols in high yields and short reaction times. However, as depicted, IL 2 proved to be the better catalyst than IL 1 in terms of yield and reaction time.
We also investigated recycling of the catalysts under solvent-free conditions using the model reaction. After completion of the reaction, the reaction mixture was cooled to room temperature, and warm distilled water was added. The product was collected by filtration, and washed repeatedly with warm distilled water. The combined filtrate was evaporated to dryness under reduced pressure. The residual ionic liquid was repeatedly washed with diethyl ether, dried under vacuum at 60°C, and used for the subsequent catalytic runs. The recovered catalyst worked well for up to five catalytic runs without any significant loss of its activity (95/98, 95/96, 93/95, 92/93, and 91/93% yields for IL 1 /IL 2 catalysts in first to fifth use, respectively). 190-192 192-194 (Bamoniri et al., 2014) In accordance with the literature (Kiasat et al., 2016; Shahrisa et al., 2012) , the suggested mechanism is described in Scheme 2. We believe that these ILs can act as Brønsted acids and therefore promotes the reactions by increasing the electrophilic character of the electrophiles in the reaction. 
Conclusion
In conclusion, we showed that two newly synthesized Brønsted-acidic ILs, IL 1 and IL 2 , efficiently catalyze the synthesis of amidoalkyl naphthols by increasing the electrophilic character of the electrophiles in the reaction β-naphthol, aryl aldehydes, and acetamide under solvent-free reactions. The kind of aldehyde had no significant effect on the reaction rates and products' yields. However, in general, electron-poor aldehydes reacted slightly faster than electron-rich ones and gave the higher yields of the products. Also, IL 2 proved to be the better catalyst than IL 1 in terms of yield and reaction time. Some advantages of this procedure are high yields, short reaction times, easy work-up, absence of volatile and hazardous solvents, and reusability of catalysts for a number of times without appreciable loss of activity.
Experimental
The IL 1 and IL 2 were synthesized according to the our previous report (Dehghan et al., 2016) . All chemicals were available commercially and used without additional purification. Melting points were recorded on a Stuart SMP3 melting point apparatus. The 1 H NMR spectra were recorded with a Bruker 300 FT spectrometer.
General procedure for the synthesis of amidoalkyl naphthols (4a-k) catalyzed by IL 1 or IL 2
A mixture of β-naphthol (1) (1.0 mmol), an aromatic aldehyde (2a-k) (1.0 mmol), acetamide (3) (1.0 mmol), and IL 1 or IL 2 (0.1 mmol, 10 mol %) was heated in an oil bath at 90°C for 2-6 min. After completion of the reaction, monitored by TLC, the mixture was cooled to room temperature and warm distilled water was added. This resulted in the precipitation of the product, which was collected by filtration. The crude product was washed repeatedly with warm distilled water and then cold ethanol, and subsequently recrystallized from ethanol to give the pure products 4a-k in high yields. The products were characterized according to comparison of their melting points with those of authentic samples and for some of them by their 1 H NMR spectral data. 
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